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Obesity is a disease that has reached epidemic proportions in the United States and around the world. During the past 2 decades, bariatric surgery has become an increasingly popular form of treatment for morbid obesity. The most common bariatric procedures performed include laparoscopic Roux-en-Y gastric bypass, laparoscopic adjustable gastric banding, and laparoscopic sleeve gastrectomy. Fluoroscopic upper gastrointestinal examinations and abdominal computed tomography (CT) are the major imaging tests used to evaluate patients after these various forms of bariatric surgery. The purpose of this article is to present the surgical anatomy and normal imaging findings and postoperative complications for these bariatric procedures at fluoroscopic examinations and CT. Complications after Roux-en-Y gastric bypass include anastomotic leaks and strictures, marginal ulcers, jejunal ischemia, small bowel obstruction, internal hernias, intussusception, and recurrent weight gain. Complications after laparoscopic adjustable gastric banding include stomal stenosis, malpositioned bands, pouch dilation, band slippage, perforation, gastric volvulus, intraluminal band erosion, and port-and bandrelated problems. Finally, complications after sleeve gastrectomy include postoperative leaks and strictures, gastric dilation, and gastroesophageal reflux. The imaging features of these various complications of bariatric surgery are discussed and illustrated.
Essentials
n Radiologists should be familiar with the surgical anatomy and normal imaging findings for major bariatric procedures, including Roux-en-Y gastric bypass, laparoscopic adjustable gastric banding, and laparoscopic sleeve gastrectomy.
n Fluoroscopic upper gastrointestinal (GI) examinations with water-soluble contrast agents and abdominal CT are useful imaging tests for detecting leaks after Roux-en-Y gastric bypass; upper GI barium studies are better for detecting anastomotic strictures, whereas CT optimizes detection of small bowel obstructions, internal hernias, and intussusceptions.
n Upper GI barium studies are useful for showing postoperative complications such as stomal stenosis, band slippage, and gastric volvulus after laparoscopic adjustable gastric banding, and for assessing routine band adjustments.
n Fluoroscopic upper GI examinations with water-soluble contrast agents and CT are useful imaging tests for detecting leaks after sleeve gastrectomy, and barium studies are also useful for showing strictures or gastric outlet obstruction as a complication of this surgery.
Obesity is measured by body mass index (BMI), a value based on a combination of weight and height (BMI 5 weight [kilograms]/height [meters] 2 ). Overweight is defined as a BMI of 25-29 kg/m 2 , obesity is defined as a BMI of 30-35 kg/m 2 , and morbid obesity is defined as a BMI of greater than 35-40 kg/m 2 (4) . Bariatric surgery is by far the most invasive form of therapy for obesity, so it is ideally reserved for patients who fail to lose weight with diet, exercise, and behavioral modification (5) . Despite these guidelines, the use of bariatric surgery has increased dramatically, with five times as many bariatric surgical procedures performed in the United States in 2003 as in 1998 (6) .
There are two surgical approaches for achieving weight loss in obese patients: bypass procedures in which portions of the gastrointestinal (GI) tract are bypassed to cause malabsorption, and restrictive procedures in which gastric volume is decreased to induce early satiety. Jejunoileal bypass procedures have been largely abandoned because of the degree of malabsorption in these patients (5) . Proponents of bariatric surgery have instead advocated a variety of restrictive procedures (sometimes combined with a bypass component) to induce weight loss, including Roux-en-Y gastric bypass, laparoscopic adjustable gastric banding, and laparoscopic sleeve gastrectomy. This article reviews the most commonly performed bariatric procedures, the normal imaging findings on fluoroscopic upper GI and computed tomography (CT) studies, and the role of imaging studies in detecting complications associated with these procedures.
Laparoscopic Roux-en-Y Gastric Bypass
Laparoscopic Roux-en-Y gastric bypass is the most popular bariatric procedure performed in the United States because it is associated with greater sustained weight loss and higher long-term success rates than other forms of bariatric surgery. Surgical bypass of a variable length of small bowel is a contributing factor, but weight loss is thought to result primarily from early satiety caused by the restrictive effect of a small, surgically created gastric pouch rather than the malabsorptive effect of small bowel bypass (7).
Surgical Anatomy
Roux-en-Y gastric bypass entails the use of a stapler-cutter device to create a staple line that partitions the stomach into a small fundal component (ie, the gastric pouch) and a much larger excluded component (ie, the excluded stomach) (Fig 1) . The jejunum is then divided 25-50 cm distal to the ligament of Treitz, and the distal limb (ie, the Roux limb, alimentary limb, or efferent limb) is brought up and anastomosed to the gastric pouch by means of an end-to-end or, more commonly, an end-to-side gastrojejunal anastomosis, creating a short, blind-ending jejunal stump (8) . The gastrojejunal anastomosis can be antegastric or retrogastric in location and is deliberately fashioned as a small-caliber stoma (ranging 8-12 mm in diameter) to limit emptying of solid food from the gastric pouch and facilitate weight loss by means of a restrictive effect. The Roux limb can be brought up to the gastric pouch anterior or posterior to the transverse colon; a posterior approach necessitates creation of a small defect or window in the transverse mesocolon through which the Roux limb passes (8) (9) (10) . Finally, the proximal limb of the divided jejunum (ie, the biliopancreatic limb or afferent limb) is anastomosed to the small bowel 75-150 cm distal to the gastrojejunostomy to create a common channel that continues into the ileum (8) (9) (10) . The jejunojejunostomy is usually created by means of a side-to-side anastomosis to decrease the risk of stricture formation.
Normal Imaging Findings
Upper GI examination.-The gastric pouch typically appears on upper GI studies as a small structure with a volume of 15-20 mL, though considerable variation may be encountered. The gastrojejunal anastomosis should be visualized in profile (without overlap between the gastric pouch and jejunum) to provide a reasonable estimate of anastomotic diameter. When the jejunum is connected to the inferior aspect of the pouch, the gastrojejunal anastomosis is readily visualized on frontal views, but when the jejunum is connected to the anterior or posterior aspect of the pouch, steep oblique or lateral views may be required to visualize the anastomosis in profile (11) . In the absence of obstruction, contrast material should pass freely into the Roux limb. The study is not completed until the small bowel is opacified beyond the jejunojejunostomy, so the jejunojejunal anastomosis can also be assessed (Fig 2) .
When obtaining upper GI studies in patients with Roux-en-Y gastric bypass, it is important to follow the head of the column of contrast material at fluoroscopy as it passes from the esophagus into the gastric pouch and then from the pouch into the Roux limb via the gastrojejunal anastomosis. This approach facilitates detection of staple line breakdown as well as leaks or strictures at the gastrojejunal anastomosis that later may be obscured by overlying loops of opacified small bowel (12) .
When the Roux limb is retrocolic, it is brought up to the gastric pouch via a surgically created window in the transverse mesocolon. As a result, there may be a short segment of circumferential narrowing of the Roux limb where it traverses this window and is sutured to the surrounding transverse mesocolon (13) . This finding should not be mistaken for an ischemic stricture or other cause of jejunal narrowing.
Abdominal CT.-After gastric bypass surgery, CT examinations are ideally performed with both oral and intravenous contrast agents. Because of the size and girth of bariatric patients, it may be necessary to adjust technical factors such as kilovoltage, milliamperage, field of view, and collimation thick- Figure 1 ness (14, 15) . Identification of the gastric pouch, gastrojejunal anastomosis, jejunal Roux limb, jejunojejunal anastomosis, and biliopancreatic limb on CT scans is essential for detecting potential complications such as internal hernias and small bowel obstructions. Positive oral contrast material administered just prior to image acquisition helps differentiate the gastric pouch and Roux limb from the excluded stomach and biliopancreatic limb, which are not opacified (Fig 3) . The volume of administered oral contrast material will depend on the patient's tolerance and symptoms. The Roux limb should be followed along its antecolic or retrocolic course to the jejunojejunal anastomosis, typically in the left midabdomen. The excluded stomach should be visualized on CT images and is normally collapsed in these patients (Fig 3) (14,16) . Failure to identify the excluded stomach could result in misdiagnosis of this fluid-filled structure as an abscess. CT also enables visualization of fluid-and/ or gas-filled loops of small bowel in the biliopancreatic limb, which is not generally identified on barium studies because intestinal peristalsis often prevents retrograde fill ing of this limb with barium. 
Complications
Leaks.-Extraluminal leak is the most serious early complication of Roux-en-Y gastric bypass, occurring in up to 5% of patients (12) . Between 69% and 77% of leaks involve the gastrojejunal anastomosis (12, 17) , but other less common sites of perforation include the gastric pouch, blind-ending jejunal stump, and jejunojejunostomy (12) . Leaks usually occur within 10 days of surgery; early detection is critical because of the risk of abscess formation, peritonitis, and sepsis, with a mortality rate of more than 5% (12) . Affected individuals may present with leukocytosis, fever, abdominal pain, and tachycardia (12) . Although one study found that a heart rate exceeding 120 beats per minute was the single most reliable sign of perforation (18) , the clinical symptoms are often nonspecific, and the physical examination may be limited by the large body habitus of these patients. Because of clinical difficulties in diagnosing postoperative leaks, some authors advocate routine upper GI examinations with water-soluble contrast agents 1-2 days after surgery as the preferred imaging test for ruling out leaks after gastric bypass surgery (12, 17) .
When upper GI examinations are performed, scout images should be obtained to detect loculated or free extraluminal gas as well as radiopaque staple lines that otherwise could be mistaken for small leaks during the fluoroscopic examination. After watersoluble contrast material has been administered, most leaks from the gastrojejunal anastomosis are best visualized with the patient in a supine or supine left posterior oblique position, appearing as blind-ending tracks or sealed-off collections abutting the anastomotic region (Fig 4) or, less frequently, as free leaks into the peritoneal cavity (12) . About 75% of these leaks extend to the left of the gastrojejunal anastomosis as extraluminal collections in the left upper quadrant on upper GI studies or CT scans, sometimes continuing superiorly into the subphrenic space (Fig 5) (12) . Subtle leaks may only be recognized indirectly by contrast material entering a surgical drain near the gastrojejunal anastomosis. If no leak is detected with a water-soluble contrast agent, highdensity barium should be administered to demonstrate subtle leaks that might otherwise be missed (19) . Less commonly, leaks may be detected from the blind-ending jejunal stump or jejunojejunostomy (12) .
Most patients with anastomotic leaks require repeat surgery, but small sealed-off leaks may be successfully treated with percutaneous drainage catheters and antibiotics. Whatever the site of origin, an extraluminal leak should be differentiated from breakdown of a gastric staple line and the development of a so-called gastrogastric fistula that has very different implications for patient management (see later section on recurrent weight gain).
Anastomotic narrowing and strictures.-Transient anastomotic narrowing and obstruction may occur during the early postoperative period secondary to residual edema and spasm in this region (8) . Upper GI examinations may reveal focal narrowing of the gastrojejunal anastomosis and thickened, irregular folds in the Roux limb abutting the anastomosis. These findings usually resolve within several days.
Strictures at the gastrojejunal anastomosis have been reported in 3%-9% of patients (20) . These strictures typically develop 4 weeks or more after surgery; they may be caused by postsurgical scarring at the anastomosis or by chronic ischemia resulting from tension on the gastrojejunostomy (21) . Affected individuals usually present with postprandial vomiting, bloating, and upper abdominal pain, sometimes associated with rapid weight loss. Obstructive symptoms from strictures at the gastrojejunal anastomosis tend to develop shortly after meals, whereas vomiting associated with small bowel adhesions, internal hernias, or strictures at the jejunojejunal anastomosis may occur 1 hour or more later.
Anastomotic strictures usually appear on upper GI studies as short segments of smooth narrowing at the gastrojejunal anastomosis (Fig 6) (18) . If obstruction is present, the gastric pouch may be dilated, and emptying of barium into the Roux limb may be delayed. Strictures at anastomoses that have an inferior location in relation to the gastric pouch are readily detected with patients in the frontal position, whereas strictures at anastomoses that have an anterior or posterior location can be missed on frontal views because of overlap between the pouch and Roux limb that obscures the anastomosis (11) . As a result, steep oblique or lateral views may be required to visualize these strictures by eliminating overlap and showing the anastomosis in profile (Fig 6) (11) . Patients with anastomotic strictures often have an excellent response to endoscopic dilation of the strictures (22) , but some patients may require multiple dilation procedure.
Marginal ulcers.-Ulcers at the gastrojejunal anastomosis (ie, marginal ulcers) have been reported in 3%-13% of patients after Roux-en-Y gastric bypass (23) (24) (25) . It has been postulated that these ulcers develop as a result of chronic exposure of the mucosa to acid entering the Roux limb (24) . Affected individuals typically present with epigastric pain or upper GI bleeding. Marginal ulcers are manifested on barium studies as discrete ulcer niches at the gastrojejunal anastomosis or, even more commonly, in the Roux limb abutting the anastomosis (Fig 7) (26). They usually occur as solitary ulcers of varying size. Most marginal ulcers respond to medical therapy with antisecretory agents (ie, proton pump inhibitors) (26) , though surgical revision of the gastrojejunal anastomosis occasionally may be required for intractable ulcers (24) .
Jejunal ischemia.-Some patients develop acute ischemia of the Roux limb because of tension on the surgically mobilized jejunum that compromises its vascular supply (21) . Affected individuals typically present with severe abdominal pain, upper GI bleeding, or nausea and vomiting during the early postoperative period (27) . Barium studies may reveal thickened, spiculated folds or thumb printing secondary to submucosal edema and hemorrhage, and CT may reveal a thickened jejunal wall in the ischemic segment, with edema of the mesentery and engorged mesenteric vessels. Mild jejunal ischemia is often self-limited, but more severe ischemia can lead to small bowel infarction.
In contrast, chronic ischemia of the Roux limb may cause intractable nausea and vomiting secondary to the development of a jejunal stricture (27) . Barium studies may reveal a segment of tubular narrowing that has a smooth contour, tapered margins, and effaced or obliterated folds (27) . CT may also reveal a long segment of jejunal narrowing with bowel wall thickening and mural stratification (ie, a target sign). In some patients, surgical resection of the ischemic segment is required for treatment of obstruction (27) .
Other patients with chronic jejunal ischemia may develop one or more giant (ie, 2.5 cm or larger) ulcers in the Roux limb abutting the gastrojejunal anastomosis or at a discrete distance from the anastomosis (Fig 8) (27, 28) . These individuals are more likely to require resection of the diseased jejunum and revision of the anastomosis than other patients with marginal ulcers (28) . The presence of one or more giant, nonhealing ulcers in the Roux limb after gastric bypass surgery should therefore suggest chronic jejunal ischemia and the need for aggressive medical or even surgical management of these patients. Small bowel obstruction.-Small bowel obstruction (SBO), which occurs in up to 5% of patients, may be caused by adhesions, internal hernias, anterior abdominal wall hernias, strictures at the jejunojejunal anastomosis, and, rarely, intussusceptions (29) (30) (31) ). An ABC classification system has been devised for three different types of SBO seen on barium studies and CT scans after Roux-en-Y gastric bypass based on the location of alterations to the GI tract relative to the jejunojejunal anastomosis (32, 33) , as follows:
A: Type A is SBO with a dilated alimentary limb (Roux limb) and decompressed biliopancreatic limb. This type is manifested on barium studies by a dilated Roux limb obstructed at or above the jejunojejunostomy (Fig 9) . Recognition of the dilated Roux limb and collapsed excluded stomach and duodenum may be difficult on CT studies.
B: Type B is SBO with a dilated biliopancreatic limb. This type is a closedloop obstruction that causes marked distention of the excluded stomach and biliopancreatic limb at or above the jejunojejunostomy. Affected individuals are at high risk for perforation unless prompt therapy is instituted. Because the biliopancreatic limb and excluded stomach are not usually opacified on barium studies, the diagnosis is more likely to be made at CT by visualization of a dilated, fluid-filled excluded stomach and biliopancreatic limb with a col- lapsed Roux limb (Fig 10) . These findings should be highly suggestive of a closed-loop obstruction.
C: Type C is SBO at the level of the common small bowel channel distal to the jejunojejunostomy, with dilation of the Roux limb and biliopancreatic limb above the jejunojejunal anastomosis.
Internal hernias.-Though adhesions are the most common cause of SBO after open Roux-en-Y gastric bypass, internal hernias are the most common cause after the laparoscopic form of surgery (29) (30) (31) . The low frequency of adhesions with laparoscopic technique enables the small bowel to retain its mobility, increasing the susceptibility to internal hernias (34, 35) . This complication of Roux-en-Y gastric bypass develops in about 3% of patients, typically occurring as a late finding (35) .
Internal hernias after Roux-en-Y gastric bypass usually result from herniation of small bowel loops through a defect in the transverse mesocolon (for a retrocolic Roux limb), a defect in the small bowel mesentery (for a jejunojejunal anastomosis), or a defect posterior to the Roux limb (ie, Petersen defect). Incarceration of small bowel in an internal hernia can lead to obstruction, infarction, and perforation of strangulated loops. As a result, internal hernias can be fatal if diagnosis and treatment of this complication are delayed. A high index of suspicion is particularly important because the clinical findings are often nonspecific (31, 34, 35) .
The diagnosis of internal hernias on imaging studies requires knowledge of the postoperative anatomy and recognition of changes in the configuration of the bowel. Small bowel loops may be clustered together in abnormal locations on barium studies and CT images, often displacing other bowel and associated with migration of an anastomotic jejunojejunal suture line. This suture line is most often displaced from its typical location in the left midabdomen into the left upper quadrant, but it can also be displaced into the right midabdomen (31) . A focal cluster of small bowel loops is most often seen in the left midabdomen (90%), but clustered bowel can be located anywhere in the abdomen and pelvis (31) . Barium studies may also reveal small bowel limbs entering and exiting the hernia with retention of barium within these loops (14, 31) . One advantage of the barium study over CT is the ability to visualize changes in the configuration of the small bowel during the course of the examination. The diagnosis of an internal hernia should be suspected on CT images when a cluster of small bowel loops is seen in an atypical location, especially the left upper quadrant above the transverse mesocolon (Fig 11) . CT also enables visualization of changes in the mesentery, such as stretching and swirling of vessels and mesenteric engorgement (31, (36) (37) (38) .
Intussusception.-Small bowel intussusceptions typically occur at or near the jejunojejunal anastomosis, with the staple line at this anastomosis presumably acting as the lead point for the intussusception. Altered small bowel motility near the anastomosis may also be a contributing factor. These intussusceptions may be transient or fixed and are a rare cause of SBO after gastric bypass surgery (39) .
Recurrent weight gain.-The primary mechanism for weight loss after Roux-en-Y gastric bypass is the restrictive effect created by a small gastric pouch, causing early satiety after ingestion of even small quantities of solid food (7) . As a result, one of the major causes of recurrent weight gain is partial or complete breakdown of the gastric staple line that enables food to enter the excluded stomach, eliminating the restrictive effect of the pouch. Affected individuals become aware that they have lost the sensation of early satiety created by their surgery. In effect, these patients have a When there is complete surgical transection of the pouch and separation from the remaining stomach, communication between the pouch and the excluded stomach results from the development of a leak with subsequent fistula formation (40) .
Upper GI studies may be performed to determine whether staple line breakdown is responsible for recurrent weight gain. The fluoroscopist should carefully assess the head of the barium column with the patient in an upright or semi-upright position to ascertain whether barium has emptied from the gastric pouch via the gastrojejunal anastomosis or whether it has traversed a dehisced portion of the staple line to enter the excluded stomach (Fig  12a) . Later in the study or on overhead radiographs, barium may reflux into the biliopancreatic limb and excluded stomach, so it becomes far more difficult to assess whether the staple line is disrupted (Fig 12b) . Staple line breakdown should also be suspected on CT studies when contrast material is visualized in the excluded stomach in the absence of opacification of the biliopancreatic limb and duodenum (Fig 13) . If there is opacification of the biliopancreatic limb and duodenum, however, a barium study may be required to differentiate staple line breakdown from retrograde filling of the excluded stomach via the biliopancreatic limb (14, 16, 40) .
Breakdown of the gastric staple line with a leak into the excluded stomach has been reported in about 3.5% of patients, occurring with equal frequency during the early and late postoperative periods (40) . Early leaks into the excluded stomach are associated with extraluminal leaks in nearly 90% of patients (40) and may undergo spontaneous healing, so additional surgery is not always required. In contrast, leaks into the excluded stomach during the late postoperative period are more likely to be associated with recurrent weight gain and less likely to undergo spontaneous healing (40) . In the past, it has been suggested that small leaks into the excluded stomach are of little clinical importance and that only large leaks are likely to cause recurrent weight gain because of rapid emptying of the gastric pouch (41) . However, others have found that even small leaks into the excluded stomach may be associated with recurrent weight gain, necessitating surgical revision (40) .
Recurrent weight gain may also result from widening of the gastrojejunal anastomosis with rapid emptying of the gastric pouch, so even a small pouch may no longer produce early satiety if there is a widened anastomo- coronal CT images after oral and intravenous contrast material administration show contrast material opacifying gastric pouch (P) and excluded stomach (ES) without opacification of duodenum (D), findings highly suggestive of staple line breakdown. When contrast material is also identified in duodenum and biliopancreatic limb, however, a barium study may be required to differentiate staple line disruption from retrograde filling of excluded stomach (J 5 jejunal Roux limb).
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sis, leading to recurrent weight gain. The diameter of the gastrojejunal anastomosis should therefore be assessed when evaluating patients for recurrent weight gain after gastric bypass surgery.
Laparoscopic Adjustable Gastric Banding
Since its introduction by Belachew et al in 1993 (42) and its approval for use in the United States in 2001 (43), laparoscopic adjustable gastric banding has become an increasingly popular form of restrictive surgery for morbid obesity. Gastric banding is a less invasive procedure than Roux-en-Y gastric bypass that produces comparable short-term weight loss with fewer complications (44, 45) . The band is placed around the proximal stomach (creating a small gastric pouch), and saline is intermittently administered into or withdrawn from the band to increase or decrease its restrictive effect on the stomach. Unlike other forms of bariatric surgery, this procedure therefore requires periodic adjustment of the band stoma. Stomal adjustments should ideally be made on the basis of the patient's weight loss curve and symptoms.
Surgical Anatomy
An adjustable silicone gastric band is placed around the stomach about 2 cm below the gastroesophageal junction to create a small gastric pouch above the band (Fig 14) (9,10,46,47) . The band is sutured to the adjacent wall of the stomach to decrease the chances of band slippage (10) . The band has an inflatable inner sleeve that is connected via tubing to a subcutaneous port in the right or, less commonly, left abdominal wall. This configuration enables adjustment of the band by altering the amount of fluid within the band via a needle inserted into the subcutaneous port. Periodic adjustment of the band is performed by administering small volumes of saline into the band in an incremental fashion to gradually tighten the band and increase its restrictive effect, promoting weight loss. Conversely, saline can be removed from the band if the patient experiences obstructive symptoms because the band is too tight.
Normal Imaging Features
Upper GI examination.-After placement of the gastric band, an upper GI examination may be performed with an orally administered water-soluble contrast agent to confirm the location of the band in relation to the stomach, assess the caliber of the lumen through the band, and evaluate for postoperative leaks. A scout image should be obtained to document the location of the band, which normally has an oblique orientation with its lateral side above its medial side just beneath the medial aspect of the left hemidiaphragm. The angle formed by intersecting lines through the spinal column and horizontal axis of the band (ie, the phi angle) has a normal range between 4° and 58° (47) . The band is connected by contiguous tubing to the subcutaneous port.
Administration of contrast material typically reveals a small gastric pouch above the band with tapered narrowing of the lumen where it traverses the band stoma and free passage of contrast material into the larger portion of the stomach below the band (Fig 15b) . It is important to place the patient in a frontal or slightly right posterior oblique position at fluoroscopy, so the stoma can be assessed in profile without being obscured by the opacified fundus (17, 41) . The normal diameter of the gastric pouch is usually about 4 cm, corresponding to a volume of 15-20 mL (10).
Abdominal CT.-CT is ideally performed with both positive oral and intravenous contrast material. CT technical factors may be adjusted to accommodate for the patient's large body habitus (15) . Coronal, sagittal, and oblique multiplanar reformatted images are beneficial for evaluating the gastric pouch and band. The anterior abdominal wall should be included in the field of view to assess the soft tissues surrounding the subcutaneous port.
The radiopaque band can be identified around the proximal stomach on CT images (Fig 16) , and the attached tubing can be seen extending through the peritoneal space and rectus muscles before connecting to the subcutaneous port along the anterior rectus sheath. All components of the device and adjacent soft tissues should be assessed. CT may be helpful in evaluating for a source of infection and in assessing soft tissue changes related to the tubing and reservoir (17, 48) .
Complications
Stomal stenosis.-The most common complication after gastric banding is stomal stenosis (46) . This complication occurs when the band is too tight, causing excessive luminal narrowing and obstruction. Affected individuals usually present with nausea and vomiting, regurgitation, dysphagia, or upper abdominal pain. Barium studies may reveal excessive narrowing of the lumen where it tra- Figure 16 verses the band, with dilation of the proximal stomach, pouch-esophageal reflux, and slow emptying of barium through the band into the remaining stomach (Fig 15a) (46) . In extreme cases, there may be high-grade luminal obstruction by the band. If stomal stenosis causes a food impaction above the band, the patient may present with abrupt onset of severe vomiting and regurgitation and an inability to tolerate solids or even liquids by mouth. In such cases, the impacted food may be recognized on barium stud ies as a radiolucent defect above the band.
When stomal stenosis is found on barium studies in patients with obstructive symptoms, the band should be deflated to increase luminal caliber and relieve the patient's symptoms. A follow-up study should be obtained immediately after band adjustment to document that luminal caliber has increased adequately and that barium passes freely through the band. If a food impaction is present above the band, deflation of the band may cause the impaction to resolve spontaneously, but endoscopic retrieval of this food is required if the impaction persists following band deflation.
It is important to remember that weight loss results from the restrictive effect of the band, so some degree of stomal narrowing is required for the patient to experience early satiety and weight loss. Nevertheless, there is disagreement about the optimal degree of stomal narrowing after band placement, with some authors favoring a luminal diameter of only 3-5 mm (49, 50) .
Though some surgeons routinely adjust gastric bands in their office without benefit of fluoroscopy or a barium study, others perform the adjustments in conjunction with a radiologist in the fluoroscopy suite, not only to utilize fluoroscopy for accessing the subcutaneous port, but also to obtain barium studies immediately after each adjustment. If there is excessive luminal narrowing or obstruction (Fig 15a) , some of the administered saline can be withdrawn from the band via the subcutaneous port before repeat ing the barium study to document that the band has instead surrounds the stomach more distally, with herniation of the gastric fundus above the band. Band slippage is often associated with luminal narrowing and obstruction by the band. As a result, affected individuals may present with vomiting, regurgitation, and food intolerance (46) . Severe band slippage occasionally may be complicated by the development of gastric volvulus with infarction and perforation of the stomach, a potentially life-threatening condition (see later section, Gastric Volvulus).
Band slippage is often recognized on abdominal radiographs by increased separation between the gastric band and the medial aspect of the left hemidiaphragm. The slipped band also tends to have a more horizontal orientation, with a phi angle greater than 58° (Fig 17a) (47) . As the stomach herniates superiorly through a slipped gastric band, the weight of the herniated stomach sometimes causes the band to tilt along its horizontal axis, so the anterior and posterior sides of the band are no longer superimposed, producing an O-shaped configuration (also known as the O sign), a finding highly suggestive of distal band slippage (55) . If the slipped band is causing obstruction, an air-fluid level may be present in a dilated gastric pouch above the band (Fig 17a) .
Barium studies can readily demonstrate distal slippage of the band, with the band surrounding the lower gastric fundus, body, or even antrum. This complication is often associated with stomal narrowing and obstruction manifested by eccentric dilation of the gastric pouch and delayed emptying of barium through the band (Fig 17b) . The dilated gastric pouch is usually posterior and inferior in patients with posterior slippage and anterior and superior in patients with anterior slippage (46) .
When band slippage is documented on barium studies, all residual fluid is usually removed from the band to decrease luminal narrowing and alleviate or prevent obstruction. The barium study should be repeated immediately after band adjustment to document that the band stoma is now patent. If not, surgical removal of the band may be required. If been adequately adjusted (Fig 15b) . Swenson et al (51) found that a barium study after band adjustment yielded useful information leading to readjustment of the band after 7% of routine band adjustments.
Malpositioned band.-Malpositioning of the band is an unusual complication that occurs at the time of surgical placement, most often when this procedure is performed by an inexperienced surgeon. If the band is placed in the perigastric fat, it fails to encompass the stomach, so there is no restrictive effect on the lumen. In other patients, the band inadvertently may be placed inferiorly around the lower stom ach, causing gastric outlet obstruction.
Pouch dilation.-Acute pouch dilation usually results from marked stomal narrowing secondary to overfilling of the band or from distal band slippage and obstruction (see next section). In this setting, the band should be deflated to prevent further complications, including irreversible pouch dilation and progressive band slippage (17, 48, 52) . Chronic pouch dilation may also develop in the presence of a normal stomal diameter and is usually secondary to chronic volume overload of the pouch in patients who fail to modify their eating habits after band placement (46, 49) . This complication has been reported in 3%-8% of patients (52, 53) . Barium studies may show concentric dilation of the gastric pouch with retained food in the pouch, esophageal dilation above the pouch, and a normal to widened stoma (46) . In this setting, nutritional counseling is required (48) .
Distal band slippage.-Distal band slippage is a relatively common complication of band placement, occurring in 4%-13% of patients (46) . This complication is thought to result from recurrent vomiting, overinflation of the band, or faulty surgical technique and can be posterior or anterior (54) . Posterior slippage is associated with upward herniation of the posterior gastric wall through the band, whereas anterior slippage is associated with downward displacement of the band over the anterior aspect of the stomach (46) . With both forms of slippage, the band is no longer positioned near the gastroesophageal junction, but the band stoma is patent, a follow-up barium study should be performed 7-14 days later to determine whether the deflated band has returned to its usual location beneath the left hemidiaphragm and whether pouch dilation has resolved. If so, additional saline can be administered incrementally into the band through a new series of periodic adjustments to promote further weight loss. If band slippage persists on one or more follow-up barium studies, however, the band should be surgically repositioned, removed, or replaced.
Perforation.-Acute gastric perforation is a rare complication of laparoscopic gastric banding, occurring in less than 1% of patients (46, 56) . This complication presumably results from trauma to the gastric wall at surgery. Affected individuals typically present with upper abdominal pain, fever, leukocytosis, and tachychardia. Upper GI studies may reveal contained or even free extravasation of water-soluble contrast material from the site of perforation, and CT images may show extraluminal gas or fluid collections in the left upper quadrant (10) .
Gastric volvulus.-Gastric volvulus is a rare complication of gastric banding that occurs when there is band slippage with twisting of the prolapsed proximal stomach around the band, causing closed-loop obstruction (57) . This condition is potentially life-threatening because the torsed stomach is at risk for strangulation, ischemia, and infarction. When high-grade obstruction is present, affected individuals are likely to present with severe nausea and vomiting (57) . Barium studies may reveal twisting of the prolapsed stomach around the band, caus ing the body of the stomach to rotate upwards and to the left, so it is located above the fundus (57) . This is often associated with marked narrowing and high-grade obstruction of the lumen where it traverses the band (Fig 18) (57) . If ischemia and/or infarction of the stomach are present, CT scans may show thickening of the gastric wall and gastric pneumatosis. Even in patients with severe vascular compromise, however, this gastric ischemia often resolves after the band is removed and the normal vascular supply to the stomach is restored. Gastric volvulus therefore represents an indication for immediate surgery and urgent removal of the band before the development of gastric infarction and perforation (57) .
Intraluminal band erosion.-Band erosion into the gastric lumen is a rare but late complication of laparoscopic adjustable gastric banding that occurs in less than 2% of patients (58) . This complication may result from high pressures generated by the inflated band, with pressure necrosis of the adjacent gastric wall and subsequent erosion of the band into the lumen. There usually is incomplete erosion of the band into the stomach (58), but the entire band occasionally may erode into the lumen (59) . With complete intraluminal erosion, the band can migrate distally and become lodged in the gastric antrum, duodenum, or proximal jejunum, causing mechanical obstruction (60) (61) (62) . Rarely, the intraluminal band can even migrate in a retrograde fashion to the gastroesophageal junction, causing obstruction at the cardia (59) . Intraluminal erosion of the band usually warrants band removal because of the risk of obstruction, severe upper GI bleeding, or perforation (49, 58) .
Intraluminal band erosion into the stomach may be manifested on upper GI examination or CT scan by passage of barium around the intraluminal portion of the band (Fig 19) (63) or around all sides of the band if it has eroded com- Figure 20 pletely into the lumen (Fig 20) (59) . When an intraluminal band migrates distally into the antrum or small bowel or proximally to the cardia, barium studies may reveal high-grade obstruction (Fig 20) (59) , necessitating immediate removal of the band.
Port-and band-related complications.-Port-related complications of laparoscopic gastric banding include infections and port eversion. The band system can also fail if the port, tubing, or band becomes disconnected or if the tubing is kinked or disrupted (49) . The latter complications are readily detected on abdominal radiographs. Rarely, the tubing can erode into the lumen of the stomach, duodenum, or even the colon, causing recurrent port site infections (64) . This complication can be diagnosed on barium studies or CT scans by documenting the intraluminal location of the tubing (64). Confirmed intraluminal erosion of the tubing necessitates surgical removal of the tubing to prevent continued infections (64) .
Laparoscopic Sleeve Gastrectomy
Laparoscopic sleeve gastrectomy is a relatively recent surgical technique introduced in 1999 (65) . This procedure was estimated to account for about 5% of all bariatric surgery in 2008 (66) .
Sleeve gastrectomy is a procedure in which a long, narrow gastric pouch is created by removing about 75% of the stomach, promoting weight loss by means of the restrictive effect of the pouch (10) . Unlike gastric banding, there is no need for periodic adjustments with sleeve gastrectomy (67) , but this procedure is irreversible.
Surgical Anatomy
Sleeve gastrectomy is performed by laparoscopically dividing the stomach along its long axis and resecting the greater curvature of the fundus, body, and proximal antrum, producing a narrow, banana-shaped gastric pouch along the lesser curvature (Fig 21) (10) . The remaining stomach has a residual volume of only about 100 mL, causing the patient to experience early satiety and weight loss (10) .
Normal Imaging Features
Upper GI examination.-Upper GI examinations typically reveal a long, tubular gastric pouch in patients with a laparoscopic sleeve gastrectomy (Fig 22) (67). Because the distal gastric antrum is preserved, there may be a relatively abrupt segment of widening at the distal end of the pouch. Some patients may have transient retention of barium in the proximal end of the pouch because of loss of peristalsis during the early postoperative period (68) . Occasionally, a Figure 19 : Gastric band partially eroding into gastric lumen. Axial CT image after oral and intravenous contrast material administration shows that lateral aspect of band device has eroded into lumen of stomach. Note contrast material (arrow) and a tiny focus of gas medial to eroded portion of band. Figure 22 linear outpouching or surgical placation defect in a residual portion of nonexcised gastric fundus can mimic the appearance of an extraluminal leak (10) .
Abdominal CT.-CT may be performed after laparoscopic sleeve gastrectomy to assess for abscesses, perforation, staple line dehiscence, and other complications such as splenic injury or infarction. CT typically reveals a narrowed, tubular stomach that has a smaller caliber along its long axis. A staple line is typically identified along the greater curvature of the residual stomach (Fig 23) , but no Roux limb is seen when a sleeve gastrectomy is performed as a stand-alone surgical procedure. In contrast, a jejunal Roux limb may be visualized in the left upper quadrant when a sleeve gastrectomy is performed as the restrictive component in conjunction with a Roux-en-Y gastric bypass. Abundant mesenteric fat is often identified in the expected location of the resected portion of the stomach (Fig 23) .
Complications
Gastric leaks.-Gastric leaks are a potential concern after laparoscopic sleeve gastrectomy because of the length of the staple line along the greater curvature of the gastric pouch. Surprisingly, however, postoperative leaks have been reported in less than 1% of patients after this form of surgery (65) . Affected 
Figure 25
CT scans may demonstrate the site of leakage as well as localized extraluminal collections or abscesses in this region (Fig 24b) .
Gastric strictures and gastric outlet obstruction.-Some patients develop symptoms of gastric outlet obstruction when scarring along the greater curvature staple line causes marked narrowing of the pouch. Barium studies may reveal focal strictures or long segments of narrowing with delayed emptying of barium from the residual stomach (Fig 25) . Focal strictures may respond to endoscopic dilation, but longer segments of narrowing occasionally necessitate surgical revision or resection of the pouch.
Gastric dilation.-Gastric dilation is another complication of sleeve gastrectomy, necessitating surgical revision of the pouch in about 4.5% of patients (65) . Affected individuals present with inadequate weight loss or recurrent weight gain. Barium studies may reveal widening of the gastric sleeve, which no longer has a tubular appearance. individuals typically present with pain, fever, and leukocytosis. Leaks most commonly occur from the proximal end of the staple line near the gastroesophageal junction (69), often extending laterally from the greater curvature staple line, and are usually manifested on upper GI examinations by extravasation of water-soluble contrast material into extraluminal tracks or collections in the left upper quadrant (Fig 24a) . If no leak is detected with a water-soluble contrast agent, high-density barium should be administered to rule out subtle leaks that might otherwise be missed (19) .
Gastroesophageal reflux.-Sleeve gastrectomy is thought to predispose to the development of postoperative gastroesophageal reflux, possibly because of the distorted gastric anatomy and stasis caused by the procedure. The frequency of reflux symptoms 1 year after surgery may be as high as 20% (70) . Such reflux can be detected on barium studies.
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